Sintered samples of modifying porcelains of various colors and manufacturers were analyzed using reflectance spectrophotometry. Color designations are reported according to practices of the Commission Internationale de l'Eclairage (International Commission for Illumination), and color names were assigned based on a method developed through a joint effort of the Inter-Society Color Council and the United States National Bureau of Standards (ISCC-NBS).
Introduction.
Dental porcelains are supplied pigmented to match existing shade guides. Shade guides provide a method of uniform color description for the individual shades of the guide. Pre-mixed porcelains may be altered by the addition of modifier porcelains which contain a high concentration of one pigment color. These modifier porcelains are also useful in simulating the appearance of translucency with porcelainfused-to-metal restorations and in duplicating color features of adjacent natural teeth. The objectives of this study are to: (1) determine the color designations of commercially available dental modifying porcelains by diffuse reflectance spectrophotometry; (2) compare the color designations of those porcelains identified by the same color; and (3) propose a color-naming system for these materials.
Materials and methods.
Samples were made by vibrating one g of modifier porcelain powder, with enough distilled water for handling, into a 3/8"-diameter cylindrical mold, with the surface to be analyzed formed against glass. One sample of each available color from each manufacturer* was dried and fired once according to manufacturer's directions. In order to determine the confidence interval of the subsequent spectrophotometric determinations, an additional specimen was made for one brand of the colors blue, brown, gray, orange, pink, and yellow. The Diffuse reflectance measurements were made for each sample, using a dual-beam spectrophotometer with an integrating sphere and condensing lenses.t The reference material was magnesium oxide, and an absolute reflectance calibration standards was employed. Every reflectance measurement was corrected to absolute reflectance. Reflectance spectra were measured from 410 to 700 nm at 10-nm intervals. The bandwidth was set at 2 nm. The reflectance spectrum of each specimen was recorded with a black backing and compared to that obtained with a white backing. If the two reflectance measurements at any wavelength differed by greater than 0.005 in absolute reflectance, that specimen was not used, and a thicker specimen was made.
Commission Internationale de l'Eclairage (CIE-International Commission for Illumination) color designations of chromaticity coordinates (x and y), luminous reflectance (Y) in percent, dominant wavelength (DW), and excitation purity (EP) were calculated2 for CIE Illuminant D65 and CIE 1934 Standard Observer. Also, determinations of the Inter-Society Color Council and National Bureau of Standards color names3 were made at level 3 (ISCC-NBS-3).
This latter system divides the color solid into 267 parts and labels each division with an easily-understood color name.
Results.
The variances of the chromaticity coordinates of the duplicate samples were not significantly different (P > 0.05) and, when pooled, resulted in a confidence interval (P = 0.05) of 0.003 for either coordinate for a sample of one Similarly, the confidence interval of the dominant wavelength was calculated to be 1.4 nm, while that for excitation purity was 0.007, with 2.7% for luminous reflectance.
For each sample, the ISCC-NBS-3 color name and CIE color designations (DW, EP, and Y) are given in Table 1 . Where more than one brand of any one color was studied, the ranges of the CIE color designations are given in Table  2 , and the chromaticity coordinates were plotted as shown in Figs 
Discussion.
The ISCC-NBS-3 color name is a highly descriptive name which would enhance a user's ability to determine either the effect of a modifier porcelain mixed with a standard shade, or the effect of a thin layer of modifier placed over another shade. This name would be helpful in determining any secondary coloring effects which would result from using a particular modifier.
For some samples, the ISCC-NBS-3 color names disagree tBeckman Instruments, Inc., Fullerton, CA 92634; spectrophotometer model ACTA CIII: sphere attachment model ASPH-U; condensing lenses model ASPH-BR.
tHunter Assoc. Laboratory, Inc., Fairfax, VA 22030; reflectance standard #S1003.
COLOR OF MODIFYING PORCELAINS .33 with the labeled colors, especially for those modifiers labeled orange, pink, or white. The assignment of color labels for modifier porcelains should be made in conjunction with a standard color-naming system. A single hue name is useful when a quick approximate designation of color is sufficient. However, a complete understandable color name of up to four words is available as described in this study.
The scatter of color names derived in this study for samples of identical color labeling describes the variation of each color between manufacturers. This variation is more technically described by the large ranges of the CIE color parameters relative to the respective confidence intervals. The variation is largest for the luminous reflectance of those samples labeled white, orange, pink, and blue; for the excitation purity of those labeled brown, blue, orange and yellow; and for the dominant wavelength of those labeled gray and pink. The large range in dominant wavelength of the gray samples describes the large variation of the hues of these samples, even though the gray samples exhibited very low saturation. 
Conclusions.
1. The labeled colors of available dental modifying porcelains do not always agree with their color names as assigned by a method developed at the U.S. National Bureau of Standards.
2. The color names and designations of samples of these porcelains labeled by the same color vary significantly between manufacturers. 3. The color-naming method proposed by the Inter-Society Color Council and developed by the National Bureau of Standards provides uniform and descriptive color names for dental modifying porcelains. These color names would enhance a user's ability to determine the coloring effect of these materials. Consistent color naming is a step in improving communication over the use of modifying porcelains. 
